
American Journal of Public Health | May 2004, Vol 94, No. 5748 | Research and Practice | Peer Reviewed | Borrell et al.

 RESEARCH AND PRACTICE 

Objectives. We assessed the prevalences of periodontitis by education and in-
come levels among US adults with data from the third National Health and Nu-
trition Examination Survey.

Methods. The study was limited to non-Hispanic Blacks, Mexican Americans,
and non-Hispanic Whites 50 years of age or older with a complete periodontal as-
sessment during the dental examination.

Results. Blacks with higher education and income levels had a significantly
higher prevalence of periodontitis than their White and Mexican-American coun-
terparts. The relationship between income level and periodontitis was mod-
ified by race/ethnicity. High-income Blacks exhibited a higher prevalence of pe-
riodontitis than did low-income Blacks and high-income Whites.

Conclusions. Our findings call attention to the importance of recognizing so-
cioeconomic status–related health differences across racial/ethnic groups within
the social, political, and historical context. (Am J Public Health. 2004;94:748–754)
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METHODS

We used data from a subsample of NHANES
III, conducted from 1988 to 1994. This survey
used a complex sampling design to select the ci-
vilian, noninstitutionalized US population aged
2 months or older.30 A complete description of
the plan and operation of NHANES III has
been given elsewhere.31 Of the total adult sam-
ple (n=20050), 8654 persons were aged 50
years or older; of these, 5124 (59.2 %) were
dentate. Furthermore, 4375 received a peri-
odontal assessment with 80.7% receiving a
complete assessment. There were 646 (12.6%)
persons excluded from the periodontal assess-
ment for medical reasons. These exclusions
were proportional across racial/ethnic groups.
Data for this analysis were restricted to 3407
persons aged 50 years or older who reported
their racial/ethnic identity as non-Hispanic
Black (n=718), non-Hispanic White (n=1815),
or Mexican American (n=874) and who re-
ceived a complete periodontal assessment dur-
ing the NHANES III dental examination. Here-
after, we refer to non-Hispanic Blacks as Blacks
and non-Hispanic Whites as Whites.

Study Variables
During the dental examination, 6 dentists

trained in the survey examination protocol con-
ducted the periodontal examinations.31 Briefly,
the periodontal examination was conducted in

2 randomly chosen quadrants, 1 maxillary and
1 mandibular, on the assumption that condi-
tions in these 2 quadrants would represent the
mouth. Two sites, midbuccal and mesiobuccal,
were examined for each tooth. Examiners used
a periodontal probe to measure clinical attach-
ment loss (CAL) and pocket depth (PD). CAL
was defined as the distance in millimeters from
the cementoenamel junction to the base of the
pocket/sulcus, and PD as the distance from the
free gingival marginal to the base of the
pocket/sulcus. Third molars were excluded be-
cause of their frequent extraction in young
adulthood, so a maximum of 14 teeth and 28
sites per individual were examined. When
defining periodontitis, there is very little agree-
ment on the case definitions across studies.
However, previous studies have used several
combinations of CAL and PD to establish peri-
odontitis case definitions.25,27,32–34 Moreover,
these studies have been tailored to test specific
hypotheses. For this study, to arrive at the defi-
nition used in the analyses, we tested several
definitions used in previous studies as well as
the distribution of CAL and PD in the total
population and in each racial/ethnic group of
this study. The final definition was established
before any hypothesis testing. Periodontitis was
defined as a composite of at least 4 sites with
CAL≥5 mm and at least one site with
PD≥4 mm. However, these conditions did not
have to be present in the same site.

The pervasiveness of health disparities by so-
cioeconomic status (SES) in the United States
has been documented for years.1–6 Regardless
of race or ethnicity, health outcomes for indi-
viduals of lower SES continue to be poorer
than those of their higher-SES counterparts.3,7

This is also true for periodontal health: for
years, the data have shown significant SES
differences across racial/ethnic groups.8–18

Many previous studies documenting differ-
ences in periodontal health have included
SES indicators (i.e., income and education) in
their analyses. Some studies have provided
cross-tabulations between periodontitis and
categories for each SES indicator,19–25

whereas others have included these indicators
as covariates in multivariable analysis ap-
proaches.22,23,25–29 The first group of studies
has reported higher prevalences and severity
of periodontitis for those with lower SES
compared with their higher-SES counterparts.
The second group has documented the per-
sistence of racial/ethnic differences after ad-
justing for SES indicators. However, the in-
commensurability of these indicators across
racial/ethnic groups has not been discussed
in these studies. To date, SES indicators have
not been investigated as the main indepen-
dent covariates in studies of periodontal
health. Therefore, their contribution to the
existing racial/ethnic differences or to the dis-
parity in the prevalence of periodontitis in
general remains unknown.

To address these issues and expand our pre-
vious work on racial/ethnic differences in peri-
odontitis, we ascertained prevalences of peri-
odontitis for (1) income and (2) education
among non-Hispanic Black, Mexican-American,
and non-Hispanic White adults aged 50 years
or older using data from the third National
Health and Nutrition Examination Survey
(NHANES III). In addition, we investigated the
combined effect of income and education on
the prevalence of periodontitis. Finally, in this
article we discuss the pathways by which SES
indicators intertwined with race/ethnicity to af-
fect periodontal health.
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The main covariates for this analysis were
education, income, and race/ethnicity. Educa-
tion was collected as a continuous variable
(number of years of education) from zero to
17 years and was categorized as follows: <12
years and ≥12 years of education. The yearly
income of a family was collected as a continu-
ous variable and was categorized as follows:
<$20000 and ≥$20000. Race/ethnicity
was self-reported by the study’s participants
and selected from 4 categories: non-Hispanic
Black, non-Hispanic White, Mexican Ameri-
can, and Other.

Covariates recognized as risk indicators for
periodontitis were selected for the analy-
sis.17–22,35–40 The covariates were age at inter-
view, gender, marital status, time since last
dental visit, presence of health insurance, self-
reported diabetes, and tobacco use. In addi-
tion, dental calculus and missing teeth were
investigated as covariates.41–43 Gender (male/
female), currently employed (yes/no), and
presence of health insurance (yes/no) were
used in this analysis as collected in NHANES
III. Age at interview was used as a continuous
and categorical variable. Age categories used
were 50 to 59, 60 to 69, and 70 years or
older. Categories for the marital status vari-
able were married (married or living together
with someone as married), single, divorced
(separated or divorced), and widowed. Time
since last dental visit was collected as a con-
tinuous variable (days since last seeing a den-
tist) and categorized as follows: ≤6
months, >6 months to <1 year, and ≥1 year.

The question “Have you ever been told by
a doctor that you have diabetes?” was used to
assess the history of diabetes. Women who
manifested diabetes only during pregnancy
were not considered to have diabetes. Smok-
ing status was derived from 2 questions: “Do
you smoke cigarettes now?” and “Have you
smoked at least 100 cigarettes in your life?”
Smoking status was defined as current smok-
ers (subjects who answered “yes” to both
questions), former smokers (subjects who an-
swered “no” to the first question and “yes” to
the second question), and never smokers (sub-
jects who answered “no” to both questions).

During the periodontal examination, dental
calculus was assessed in 2 sites, midbuccal
and mesiobuccal, for the 2 randomly selected
quadrants. Calculus was recorded as the ab-

sence of calculus, presence of supragingival
calculus only, or presence of either subgingi-
val calculus only or both types of calculus
(supragingival and subgingival). For this anal-
ysis, calculus was specified as the presence or
absence of calculus on at least 1 site per
tooth. A variable to account for missing teeth
was created by subtracting the number of
teeth present in the mouth from the 28 teeth
considered during the dental examination.

Statistical Analysis
Characteristics of the population and preva-

lence of periodontitis were described for each
covariate stratified by race/ethnicity. To assess
differences in the prevalence of periodontitis,
we performed 3 sets of χ2 tests: first, we used
the Cochran–Mantel–Haenszel test to evalu-
ate the independence between periodontitis
and race/ethnicity, after controlling for each
covariate separately. Second, we applied the
homogeneity test for equal prevalence of pe-
riodontitis for each racial/ethnic group over
covariate categories. Finally, we applied the
independence test to examine for equal prev-
alence of periodontitis across racial/ethnic
group within each covariate category.

Unadjusted and adjusted prevalences of pe-
riodontitis and 95% confidence limits for
(1) income and (2) education categories were
estimated from logistic regression models for
each racial/ethnic group before and after ad-
justing for demographic and health-related
covariates. We used a step-down method to
select the covariates that significantly con-
tributed to each model.44 This method, similar
to the backward-selection method, takes into
account not only the changes of the β coeffi-
cients of the other covariates when including
and excluding each nonsignificant covariate
from the model but also the possible correla-
tions among covariates. The final model for
income includes education during adjustment
and vice versa. To investigate the combined
effect of income and education, we also esti-
mated the unadjusted and adjusted prevalence
of periodontitis and the 95% confidence inter-
val from logistic regression models. Prevalence
of periodontitis for 4 cross-classified categories
of income and education (i.e., high income and
high education, high income and low educa-
tion, low income and high education, and low
income and low education) were calculated

for each racial/ethnic group before and after
adjusting for all other covariates in the model.
Ratios of adjusted prevalence of periodontitis
and their 95% confidence interval between
racial/ethnic groups were calculated for each
category of income and education as well as
for the joint effects of income and education.
In a logistic regression model including race/
ethnicity as an independent covariate, 2-way
interaction terms between race/ethnicity and
(1) education and (2) income were tested. A
significant interaction between race/ethnicity
and income was found and reported.

We carried out all data management pro-
cedures with SAS45 and carried out the sta-
tistical analyses using SUDAAN.46 SUDAAN
takes into account the weights provided in
the data set yielding unbiased standard error
estimates. In the tables, the sample sizes were
unweighted. However, estimates for means,
proportions, standard errors, and 95% confi-
dence intervals were weighted.

RESULTS

Characteristics of the Population
Table 1 shows the characteristics of the

study population for selected covariates by
race/ethnicity. When compared with Whites,
Blacks and Mexican Americans were younger,
were less educated, had lower income, were
less likely to have had a dental visit within
the past 6 months, and were more likely to
report having diabetes (all P values< .05). In
addition, Blacks exhibited the highest propor-
tion of current smokers and were less likely
to be married, whereas Mexican Americans
were more likely to be males and uninsured.

Prevalence of Periodontitis
Blacks had worse periodontal clinical condi-

tions than Mexican Americans and Whites
(data not shown). In addition, Blacks were
more likely to have calculus, higher mean CAL
and PD, and a lower mean number of teeth.

Table 2 shows the prevalence of periodon-
titis for each racial/ethnic group for selected
covariates. The overall prevalence of peri-
odontitis in this population was 6.3%. Blacks
exhibited the highest prevalence (14.2%), fol-
lowed by Mexican Americans (9.4%) and
Whites (5.3%). However, the differences be-
tween racial/ethnic groups were not statisti-
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TABLE 1—Characteristics of Non-Hispanic Black, Non-Hispanic White, and Mexican
American Adults Aged 50 Years and Older: Third National Health and Nutrition Examination
Survey, 1988–1994a

% (SE)

Blacks (n = 718) Mexican Americans (n = 874) Whites (n=1815) Totalb (n = 3533)

Age, y, mean (SE) 61.6 (0.50) 59.7 (0.33) 62.6 (0.41) 62.2 (0.36)

Age groups, y

50–59 48.3 (0.94) 54.8 (0.45) 42.9 (1.97) 45.2 (1.71)

60–69 32.0 (2.29) 34.5 (2.08) 33.9 (1.41) 33.4 (1.11)

≥ 70 19.7 (1.85) 10.7 (1.47) 23.2 (1.53) 21.4 (1.33)

Gender

Male 45.9 (1.50) 50.5 (1.91) 48.6 (1.13) 48.7 (0.94)

Female 54.1 (1.50) 49.5 (1.91) 51.4 (1.13) 51.2 (0.94)

Marital status

Married 52.2 (1.79) 74.3 (1.77) 74.2 (1.54) 72.5 (1.35)

Single 6.0 (0.86) 2.2 (0.53) 3.2 (0.41) 3.6 (0.40)

Divorced 21.3 (1.77) 11.9 (1.64) 9.7 (1.03) 10.7 (0.94)

Widowed 20.5 (1.51) 11.7 (1.64) 12.9 (0.88) 13.2 (0.75)

Education, y

< 12 52.1 (2.53) 70.8 (2.89) 19.9 (1.58) 25.7 (1.55)

≥ 12 47.9 (2.53) 29.2 (2.89) 80.1 (1.58) 74.3 (1.55)

Income

< $20 000 53.9 (2.93) 57.9 (2.62) 23.8 (1.67) 28.0 (1.66)

≥ $20 000 46.1 (2.93) 42.2 (2.62) 76.2 (1.67) 72.0 (1.66)

Presence of health insurance

Yes 92.4 (1.33) 87.8 (2.34) 97.9 (0.38) 97.0 (0.40)

No 7.6 (1.33) 12.2 (2.34) 2.1 (0.38) 3.0 (0.40)

Time since last dental visit

≤ 6 mo 31.6 (2.30) 35.7 (2.56) 64.9 (1.65) 59.8 (1.67)

> 6 mo and < 1 y 20.7 (1.92) 20.8 (1.97) 16.9 (1.03) 17.4 (0.90)

≥ 1 y 47.7 (2.15) 43.5 (2.18) 18.2 (1.16) 22.8 (1.23)

Diabetes

Yes 14.4 (1.31) 18.2 (1.58) 7.6 (0.68) 8.4 (0.51)

No 85.6 (1.31) 81.8 (1.58) 92.4 (0.68) 91.6 (0.51)

Smoking status

Current smokers 26.7 (2.08) 17.8 (1.76) 14.5 (1.08) 15.8 (0.94)

Former smokers 26.9 (1.81) 35.7 (1.98) 39.8 (1.56) 37.6 (1.29)

Never smokers 46.3 (2.40) 46.5 (1.86) 45.6 (1.65) 46.6 (1.37)

aSample sizes are unweighted; means, proportions, and standard errors are weighted to take into account Third National
Health and Nutrition Examination Survey sample design.
b Total includes Others.

cally significant. In general, the prevalence of
periodontitis was highest among males, those
without insurance, those without a dental visit
within the last 6 months, those with a self-
reported history of diabetes, and those who
smoked. Blacks exhibited the highest preva-
lence in all categories except for the presence
of health insurance, in which category Whites
had the highest prevalence. The prevalence of
periodontitis was lowest for the youngest ages
in each of the 3 racial/ethnic groups; how-

ever, only Whites showed a monotonic in-
crease in prevalence of periodontitis over the
3 age groups. For marital status, the pattern
for the prevalence of periodontitis was some-
what different for each racial/ethnic group,
with married people exhibiting the lower
prevalence regardless of their race/ethnicity.

Prevalences and prevalence ratios of peri-
odontitis for education and income categories
for each racial/ethnic group are presented in
Table 3. Blacks exhibited the highest preva-

lence for both categories of education. This
pattern remained after adjustment for age,
gender, presence of insurance, time since last
dental visit, history of diabetes, smoking, and
income. Blacks exhibited significantly higher
adjusted prevalences of periodontitis indepen-
dent of their education than their White and
Mexican-American counterparts. In fact,
Blacks in the higher education group exhibited
prevalences of periodontitis that were 2.3 and
4.9 times higher than those of their White and
Mexican-American counterparts, respectively.
This pattern was consistent for income cate-
gories. However, high-income Blacks exhibited
higher adjusted prevalence of periodontitis
than their low-income counterparts.

When the unadjusted joint effects of in-
come and education were considered, those
with both higher education and higher in-
come exhibited the lowest prevalences of pe-
riodontitis regardless of racial/ethnic group.
After adjusting for all covariates in the model,
this pattern remained for Whites, whereas for
Mexican Americans and Blacks, those with
high education but low income exhibited the
lowest prevalence of periodontitis.

Figure 1 shows a significant interaction be-
tween income and race/ethnicity on the prev-
alence of periodontitis after adjusting for age,
gender, education, presence of insurance,
time since last dental visit, smoking, and dia-
betes (P=.006). Blacks exhibited a direct as-
sociation between income and periodontitis,
whereas their White counterparts exhibited
the expected inverse association. This pattern
remained unchanged when 3 categories for
income (i.e., ≤$16999, $17000–$34999
and ≥$35000) were used in the analysis.
Mexican Americans exhibited a prevalence of
2.0% for both categories, low and high in-
come (data not included in the figure). The
absolute values of the estimated net effects of
income (adjusted for other covariates) on the
prevalence of periodontitis for Blacks and
Whites were not too different, although they
were in different directions (3.1 % increase
for Blacks and 3.6% decrease for Whites).

DISCUSSION

To our knowledge, there has been no
study assessing the association between the
prevalence of periodontitis and income and
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TABLE 2—Prevalence of Periodontitis for Selected Covariates Among Non-Hispanic Black,
Non-Hispanic White, and Mexican American Adults Aged 50 Years and Older: Third National
Health and Nutrition Examination Survey, 1988–1994

% (SE)

Blacks (n = 718) Mexican Americans (n = 874) Whites (n = 1815) Total (n = 3533)

Overall prevalence 14.2 (1.45) 9.4 (1.48) 5.3 (0.62) 6.3 (0.59)

Age groups, y

50–59 10.5 (1.99) 5.7 (1.65) 4.4 (0.92) 5.6 (0.83)

60–69 18.7 (2.77) 15.0 (2.17) 4.9 (0.97) 6.1 (0.86)

≥ 70 15.6 (2.34)a 9.3 (2.57) 7.1 (1.25)a 7.8 (1.22)

Gender

Male 19.4 (2.42) 15.0 (2.60) 8.0 (1.05) 9.3 (1.08)

Female 9.9 (1.78) 3.7 (1.20) 2.8 (0.59) 3.5 (0.54)

Marital Status

Married 13.0 (2.38) 9.7 (1.69) 5.1 (0.74) 5.9 (0.68)

Single 19.7 (7.45) 10.0 (6.06) 6.8 (3.33)b 7.7 (2.83)

Divorced 14.0 (3.37) 10.0 (4.73) 7.2 (1.93)b 8.4 (1.64)

Widowed 16.2 (3.10)a 7.0 (2.29)a 4.7 (1.36)a 6.5 (1.27)

Presence of health insurance

Yes 11.9 (1.89) 5.1 (1.32) 4.6 (0.57) 5.0 (0.57)

No 13.9 (5.24)a 9.3 (4.60)a 17.8 (6.95)b 14.2 (4.41)

Time since last dental visit

≤ 6 mo 8.2 (2.08) 5.4 (1.57) 3.0 (0.50) 3.7 (0.58)

> 6 mo 13.1 (2.40) 8.3 (1.99) 6.6 (1.66)b 7.1 (1.23)

≥ 1 y 18.4 (2.24) 12.3 (2.99)a 11.9 (2.01)b 12.1 (1.48)

Diabetes

Yes 15.3 (3.75) 12.0 (2.88) 8.6 (2.57)b 9.6 (2.02)

No 14.1 (1.47)a 8.8 (1.48)a 5.0 (0.63)a 6.0 (0.61)

Smoking status

Current smokers 21.1 (3.02) 17.1 (3.31) 14.1 (2.58)b 16.4 (2.37)

Former smokers 13.8 (2.73) 9.8 (3.17) 6.1 (1.07) 6.5 (0.95)

Never smokers 10.6 (2.08)a 6.2 (1.16) 1.8 (0.41) 2.7 (0.45)

aChi-squared test of homogeneity (to examine for equal prevalence of periodontitis for each racial/ethnic group over
covariate categories) nonsignificant at P ≥ .05.
bChi-squared test of independence (to examine for equal prevalence of periodontitis across racial/ethnic group within each
covariate category) nonsignificant at P≥ .05. Chi-squared tests for Cochran–Mantel–Haenszel test (to evaluate the independence
between periodontitis and race/ethnicity, after controlling for each covariate separately) were all significant at P< .0001.

education across racial/ethnic groups in
older adults. Our study found that Blacks
with higher education and income had a sig-
nificantly higher prevalence of periodontitis
than their White and Mexican-American
counterparts. Furthermore, the prevalence of
periodontitis for income categories was dif-
ferent for each racial/ethnic group. High-
income Blacks exhibited a higher prevalence
of periodontitis than low-income Blacks and
high-income Whites. These findings persist
when 3 categories for income were consid-
ered in the analyses. For Mexican Ameri-
cans, there was some variation in the preva-

lence of periodontitis with respect to their
White counterparts, ranging from lower to
slightly higher prevalences. When cross-
classified categories for income and educa-
tion were considered in the model, Blacks
with higher education and income exhibited
the lowest decrease in the prevalence of pe-
riodontitis compared with their White and
Mexican-American counterparts.

When studying periodontitis, one of the
major conundrums is the case definition to
be used because there is no standard defini-
tion. The prevalence of periodontitis thus de-
pends on the definition used. Previous stud-

ies have used several combinations of CAL
and PD to establish periodontitis case defini-
tions.25,27,32–34 The rationale behind CAL
and PD combinations is that CAL represents
a cumulative measure of periodontal tissue
destruction throughout life, whereas PD indi-
cates the presence of active disease.15,33 For
this study, we tested several case definitions
based on different combinations of PD and
CAL. All the definitions tested led to the
same conclusion: Blacks exhibited twice the
prevalence of periodontitis as Whites,
whereas Mexican Americans exhibited a
prevalence intermediate between those for
Blacks and Whites. Therefore, it is very un-
likely that our results would vary if a differ-
ent case definition was used in the study.

Previous studies have shown that people
with low SES exhibit a higher prevalence of
periodontitis than their high-SES counterparts,
regardless of the SES indicator used. This find-
ing has been consistently reported across
racial/ethnic groups.19–25 Our study, although
somewhat consistent with previous studies,
shows that the relationship between the preva-
lence of periodontitis and income and educa-
tion is different across racial/ethnic groups.
When compared with Whites and Mexican
Americans, Blacks exhibited the highest preva-
lence of periodontitis independent of their edu-
cation, whereas high-income Blacks exhibited
the highest prevalence of periodontitis. Mexi-
can Americans exhibited the lowest prevalence
of periodontitis regardless of their income and
education. When evaluating the contribution
of SES on racial/ethnic health differences,
some studies suggest that SES could be an
important factor in explaining the existing
racial/ethnic health differences,47–49 whereas
other studies underscore measurement prob-
lems when evaluating the effect of SES on
health.7,50–53 The latter explanation is because
of the incommensurability of SES across
racial/ethnic groups, measurement error, and
devaluation of particular racial/ethnic groups’
SES resources (for example, housing equity is
a major source of wealth. However, Blacks
tend to receive smaller returns on their real
state investment than Whites). Our findings
that Blacks received the lowest benefit from
the SES indicators on periodontal health could
be a combination of the aforementioned fac-
tors or perhaps an indication of how far, in
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TABLE 3—Prevalence and Prevalence Ratios of Periodontitis and 95% Confidence Intervals for the Independent and Joint Effect of Income and
Education for Each Racial/Ethnic Group: Third National Health and Nutrition Examination Survey, 1988–1994

Prevalence of Periodontitis 

Black (B) Mexican American (MA) White (W) Adjusted Prevalence Ratios

Unadjusted Adjusteda Unadjusted Adjusted Unadjusted Adjusted B:W B:MA MA:W

Overall 14.2 6.9 9.4 3.0 5.3 5.2 1.33 2.30 0.57

(11.3–17.1) (4.4–9.4) (6.4–12.4) (1.5–4.5) (4.0–6.5) (3.8–6.5) (1.27–1.38) (2.21–2.39) (0.56–0.59)

Independent effect

Education, y

< 12 16.8 15.2 11.9 7.0 10.4 5.9 2.58 2.14 1.20

(12.7–20.9) (9.1–21.3) (8.2–15.6) (4.3–9.7) (7.2–13.6) (3.5–8.3) (2.37–2.80) (1.96–2.34) (1.14–1.27)

≥ 12 11.5 10.2 3.6 2.2 4.0 4.4 2.32 4.86 0.48

(7.8–15.4) (6.5–13.9) (1.0–6.2) (–0.1–4.5) (2.8–5.2) (3.0–5.8) (2.20–2.44) (4.57–5.16) (0.46–0.49)

Income

< $20 000 17.8 10.7 13.2 5.2 10.0 8.2 1.30 2.06 0.63

(14.0–21.5) (6.1–15.3) (9.0–17.4) (2.2–8.2) (6.4–13.6) (5.1–11.2) (1.21–1.41) (1.96–2.15) (0.60–0.67)

≥ $20 000 11.5 13.9 3.9 5.1 3.6 3.7 3.76 2.72 1.38

(7.6–15.4) (9.3–18.4) (1.1–6.7) (1.8–8.6) (2.3–4.9) (2.4–5.0) (3.56–3.97) (2.54–2.92) (1.31–1.45)

Joint effectb

Low education–low income 17.6 13.4 13.4 7.2 13.0 9.3 1.44 1.86 0.77

(13.2–22.0) (8.2–18.6) (9.1–17.7) (2.5–11.8) (7.8–18.3) (5.7–12.8) (1.32–1.57) (1.69–2.5) (0.71–0.84)

Low education–high income 17.6 16.4 7.9 7.0 6.8 5.3 3.09 2.34 1.32

(7.6–27.6) (6.5–26.3) (2.0–13.7) (2.5–11.5) (2.3–11.3) (2.1–8.5) (2.71–3.53) (2.03–2.70) (1.22–1.43)

High education–low income 18.3 8.2 12.2 1.9 7.8 8.3 0.99 4.31 0.23

(10.4–26.1) (1.8–14.5) (1.4–23.0) (–0.8–4.6) (3.8–11.8) (4.1–12.5) (0.89–1.10) (3.94–4.72) (0.21–0.24)

High education–high income 8.9 11.6 1.2 2.1 3.2 3.4 3.41 5.52 0.61

(5.0–12.8) (7.2–16.0) (–0.4–2.8) (–0.8–5.0) (2.0–4.4) (2.1–4.7) (3.22–3.61) (5.13–5.94) (0.59–0.64)

aPrevalences were estimated from logistic regression models adjusting for age (categorical), gender, presence of health insurance, time since last dental visit, history of diabetes, and smoking. The
prevalences for each racial/ethnic group are adjusted for income level and education level. The prevalences of periodontitis in education for each racial/ethnic group are adjusted for income and
vice versa (i.e., periodontal prevalences for income level are adjusted for education level).
b These categories are cross-classified categories of income (< $20 000 vs ≥ $20 000) and education (< 12 years vs ≥ 12 years) for each racial/ethnic group.

general, Blacks lag behind their White coun-
terparts to begin with. Although Blacks and
Whites exhibited an opposite relation between
the prevalence of periodontitis and income, the
gap between Blacks and Whites was wider at
higher income levels than at the lower levels.
This finding could suggest different mecha-
nisms by which income influences periodontal
health for each racial/ethnic group and per-
haps could reflect the incommensurability of
income across racial/ethnic groups. Moreover,
there is evidence that SES indicators do not
carry the same meaning across racial/ethnic
groups, leading to residual confounding.50,52

This residual confounding could then translate
into the observed racial/ethnic differences in
periodontal disease.

The association between income and the
prevalence of periodontitis was modified by
race/ethnicity. The estimate of this interaction

remained nearly unchanged when education
was either excluded or included as a 3- or
4-category specification instead of 2 cate-
gories in the model (data not shown). These
findings suggested that residual confounding
by education is an unlikely explanation for
this interaction and that the effect of the in-
teraction was independent of education. This
interaction, although intriguing because it
goes against the common inverse relation be-
tween SES indicators and most health out-
comes reported by most studies,3,5,7 could
help our understanding of the effect of the
SES-race/ethnicity association on periodontal
health. Very little is known regarding how
SES factors operate within each racial/ethnic
group, and research in this area could help
our understanding regarding the differences
between racial/ethnic groups that may con-
tribute to oral health disparities in general.

Although most of the existing evidence
suggests an inverse association between SES
and periodontal diseases,18–24 and health out-
comes in general,3,5,7 a few studies suggest
that the social conditions in which groups are
embedded could determine different levels of
exposure to stress, which then could affect
health.54–57 Based on these studies, it is possi-
ble that high-income Blacks experienced a
higher level of stress trying to cope with their
everyday demands. This stress, associated
with, and perhaps increased by, other circum-
stances such as racism58–60 could translate
into a higher prevalence of periodontal dis-
ease. For example, studies of periodontal
health have found an association between pe-
riodontitis and stressors related to work,61

stressful life events,62 and psychosocial fac-
tors.63 Recently, Genco and colleagues re-
ported that psychosocial measures of stress
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Note. Interaction obtained from a model with race/ethnicity as an independent covariates and adjusted for age, gender,
education, presence of insurance, time since last dental visit, smoking, and diabetes. Income categories were specified as low
(< $20 000) and high (≥ $20 000).

FIGURE 1—The effect of income on prevalence of periodontitis in Blacks and Whites: Third
National Health and Nutrition Examination Survey, 1988–1994.

were significant risk indicators for more se-
vere periodontal disease in an adult popula-
tion.64 Further studies need to be done to
help elucidate our understanding of the inter-
play among SES indicators, stress, and peri-
odontitis among racial/ethnic groups.

By restricting our study to NHANES III
participants who received a complete peri-
odontal examination, questions related to the
possibility of selection bias due to a healthy or
survivor teeth effect are raised. Analysis (not
shown) demonstrated that those participants
who received a partial examination (i.e., <14
teeth examined) exhibited a lower prevalence
of periodontitis (P<.001) than their peers
with a complete examination. However, there
were no differences among racial/ethnic
groups between those who received a partial
examination and those who received a com-
plete examination (P=.3273). In addition,
when compared with those with a complete
examination, the racial/ethnic pattern of the
prevalence of periodontitis for those with par-
tial examinations was similar to the one pre-
sented in our results. Finally, this restriction
could question the direct association between
income and periodontitis observed in Blacks.
However, we repeated the analysis including
both Blacks with a complete and a partial pe-

riodontal assessment, and the direct associa-
tion persisted, although not with the same
magnitude (10.4% for low income vs 11.7%
for high income). Because of the age range of
our study population, exclusions for medical
reasons were also a concern. Analysis (not
shown) indicated that there was no statisti-
cally significant association between medical
exclusion and (1) race/ethnicity (P=.06) and
(2) education (P=.13). However, there was an
association between medical exclusion and in-
come, with those with low incomes being
more likely to be excluded (P=.01).

The major limitation of the study was its
cross-sectional nature, which limited our abil-
ity to establish a causal relationship. How-
ever, this study has several strengths that in-
clude (1) the racial/ethnic diversity and
representativeness of the sample, and (2) the
age range included in our analysis, which in-
cluded people who had achieved possibly the
highest level of education they would attain
during their lifetime. This educational attain-
ment has a stabilizing effect on income.

Our findings suggest that Blacks demon-
strated a lower decrease in the prevalence of
periodontitis across the education and income
categories than their Mexican-American and
White peers. These findings could confirm the

incommensurability of SES indicators across ra-
cial/ethnic groups and perhaps could reflect the
historical implications of unequal opportunities
for Blacks in our society. Therefore, our findings
call attention to the importance of recognizing
SES health differences across racial/ethnic
groups within our social, political, and historical
context. It is clear that race/ethnicity and SES
indicators are intertwined in explaining the
health status, including the oral health, of the
US population. However, studies in this area are
far from conclusive, and many questions remain
unanswered. As we move forward to reduce
and eliminate health disparities, we must do
better to disentangle and to explain these differ-
ences using a framework that accounts for the
implications of social constructs such as race/
ethnicity on the health of the US population.
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